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(57) An internal combustion engine having an elec- 
tromagnetic valve driving mechanism adjusts an 
amount of the magnetizing current to be applied to the 
electromagnetic valve driving mechanism (30, 31) in ac- 
cordance with a temperature of lubricant in the electro- 
magnetic valve driving mechanism (30, 31). According- 



ly, intake and exhaust valves (28, 29) can be driven with 
an electromagnetic force corresponding to a viscosity of 
lubricant Therefore, changes in opening-arid-closing 
operation speeds of the intake and exhaust vafves (28, 
29) resulting from a temperature or viscosity of lubricant 
that is supplied to a sliding portion of the electromagnet- 
ic valye driving mechanism (30, 31) can be reduced. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of Invention 5 

[0001] The invention relates to an internal combustion 
engine having an electromagnetic valve driving mecha- 
nism that drives at least one of intake and exhaust 
valves by means of an electromagnetic force generated to 
by application of a magnetizing current thereto, and to 
a method of controlling the electromagnetic valve driv- 
ing mechanism. 

2. Description of Related Art 15 

[0002] In recent years, In the field of an internal com- 
bustion engine Installed in an automobile or the like, de- 
velopment of an electromagnetic valve driving mecha- 
nism capable of arbitrarily changing timings for opening 20 
and closing intake and exhaust valves has been promot- 
ed for the purpose of preventing mechantcai loss result- 
ing from the driving of the Intake and exhaust valves In 
their opening and closing directions, reducing pumping 
loss of intake air, Improving net thermal efficiency, and zs 
so on. 

[0003] As an example of the electromagnetic driving 
mechanism, a mechanism having a slider, a closing 
electromagnet, an opening electromagnet, and an elas- 
tic member has been proposed. The slider has a mag- 30 
netic material and slides In cooperation with intake and 
exhaust valves. The closing electromagnet generates 
an electromagnetic force that displaces the slider in its 
closing direction upon application of a magnetizing cur- 
rent thereto. The opening electromagnet generates an 35 
electromagnetic force that displaces the slider in Its 
opening direction upon application of a magnetizing cur- 
rent thereto. The elastic member elasticaily supports the 
slider at a neutral position between an opening-side dis- 
placement end and a closing-side displacement end. 40 
[0004] Because such an electromagnetic valve driv- 
ing mechanism eliminates the necessity to drive intake 
and exhaust valves In their opening and closing direc- 
tions by means of a rotational force of an engine output 
shaft (crankshaft) as in the case of a conventional valve 45 
mechanism, mechanical loss resulting from the driving 
of the intake and exhaust valves is reduced. 
[0005] Furthermore, the above-described electro- 
magnetic valve driving mechanism can drive the intake 
and exhaust valves independently of rotating motions of so 
the engine output shaft, and thus has many advantages 
Including a high degree of freedom in controlling timings 
for opening and closing the Intake and exhaust valves, 
openings of the intake and exhaust valves, etc. 
[0006] On the other hand, in an electromagnetic valve 55 
driving mechanism as described above, when the slider 
and the intake and exhaust valves are displaced, friction 
occurs in sliding: portions of the slider and the intake and 



exhaust valves. Therefore, the necessity to apply a rel- 
atively great amount of magnetizing current to the open- 
ing electromagnet and to the closing electromagnet for 
the purpose of displacing the slider against the friction 
constitutes a problem. 

[0007] In order to address such a problem, an elec- 
tromagnetic valve driving mechanism as disclosed In 
Japanese Patent Application Lald-Open No. 11-36829 
has been proposed. The electromagnetic valve driving 
mechanism disclosed In this publication has a shaft 
member for transmitting an electromagnetic force to a 
valve body, and a bearing portion for slidably holding the 
shaft member. The electromagnetic driving mechanism 
has a lubricating oil supplying mechanism that supplies 
lubricating oil to the bearing portion. Therefore, the oc- 
currence of friction between the shaft member and the 
bearing portion Is suppressed. Thus, precise sliding 
movements of the shaft member are ensured while re- 
ducing an amount of magnetizing current that needs to 
be applied to the electromagnets. 
[0008] Lubricating oil supplied to an electromagnetic 
valve driving mechanism as described above has a fea- 
ture wherein its viscosity changes depending on a tem- 
perature of the lubricating oil. For instance, the viscosity 
of the lubricating oil increases in proportion to a fall In 
temperature thereof, whereas the viscosity of the lubri- 
cating oil decreases in proportion to a rise in tempera- 
ture thereof. 

[0009] Therefore, In an electromagnetic valve driving 
mechanism as described above, sliding resistance (fric- 
tion resistance) of a shaft member increases when the 
lubricating oil is at a low temperature. On the other hand, 
sliding resistance of the shaft member decreases when 
the lubricating oil Is at a high temperature. As a result, 
the operation speed of the shaft member changes de- 
pending on a temperature of the lubricating oil, and 
therefore the operation speed of intake and exhaust 
valves may change depending on a temperature of the 
lubricating oil. 

SUMMARY OF THE INVENTION 

[0010] It is an object of the invention to provide an 
electromagnetic valve driving mechanism that drives at 
least one of Intake and exhaust valves in opening and 
closing directions by means of an electromagnetic force 
while making it possible to reduce changes in opening- 
and-closing operation speeds of the intake and exhaust 
valves resulting from a temperature or viscosity of the 
lubricant that is supplied to a sliding portion of the elec- 
tromagnetic valve driving mechanism. 
[001 1] An Internal combustion engine having an elec- 
tromagnetic valve driving mechanism according to the 
invention has a lubricant temperature determining de- 
vice and a controller that adjusts an amount of magnet- 
izing current supplied to the electromagnetic valve driv- 
ing mechanism. 

[001 2] The electromagnetic valve driving mechanism 
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drives at least one of the Intake and exhaust valves of 
the Internal combustion engine In opening and closing 
directions by means of an electromagnetic force that Is 
generated upon application of a magnetizing current 
thereto. The lubricant temperature determining device 5 
determines (I.e., It detects or estimates) a temperature 
of lubricant supplied to a sliding portion of the electro- 
magnetic valve driving mechanism, the Intake valve, or 
the exhaust valve. The controller adjusts an amount of 
magnetizing current supplied to the electromagnetic 10 
valve driving mechanism In accordance with the tem- 
perature of the lubricant that has been detected or esti- 
mated by the lubricant temperature determining device. 
[0013] In an internal combustion engine having an 
electromagnetic vatve driving mechanism thus con- is 
structed, when an Intake valve or an exhaust valve is 
operated In Its opening and closing directions, a lubri- 
cant temperature determining device first detects or es- 
timates a temperature of the lubricant. A controller ad- 
justs an amount of magnetizing current to be supplied 20 
to the electromagnetic valve driving mechanism in ac- 
cordance with the temperature of lubricant that has been 
detected or estimated by the lubricant temperature de- 
termining device. 

[0014] For example, the controller may increase an 23 
amount of magnetizing current supplied to the electro- 
magnetic valve driving mechanism in proportion to a de- 
crease in temperature of the lubricant that has been de- 
tected or estimated by the lubricant temperature deter- 
mining device. 30 
[0015] In this case, the amount of magnetizing current 
applied to the electromagnetic valve driving mechanism 
increases In proportion to a decrease in temperature of 
the lubricant, i.e., in proportion to an increase in viscos- 
ity of the lubricant. On the other hand, the amount of as 
magnetizing current applied to the electromagnetic 
valve driving mechanism decreases in proportion to an 
increase in temperature of the lubricant, I.e., in propor- 
tion to a decrease In viscosity of the lubricant. 
[0016] As a result, the electromagnetic valve driving *o 
mechanism generates a relatively great electromagnet- 
ic force when the lubricant has a high viscosity, and gen- 
erates a relatively small electromagnetic force when the 
lubricant has a low viscosity. That is, the Intake and ex- 
haust valves are driven with a relatively great electro- 4s 
magnetic force when the lubricant has a high viscosity, 
and are driven with a relatively small electromagnetic 
force when the lubricant has a low viscosity. 
[0017] Thus, the intake and/or exhaust valve is driven 
with an electromagnetic force which is determined by so 
taking the viscosity of the lubricant Into account. There- 
fore, changes in opening-and-closing operation speeds 
of the intake and exhaust valves resulting from a tem- 
perature or viscosity of the lubricant can be reduced. 
[0018] When the lubricant is at a low temperature, the ss 
amount of magnetizing current to be applied to the in- 
take-side electromagnetic driving mechanism and to the 
exhaust-side electromagnetic driving mechanism may 



be increased, and the timing for application of magnet- 
izing current may be advanced. On the other hand, 
when the lubricant is at a high temperature, the amount 
of magnetizing current to be applied to the Intake-side 
electromagnetic driving mechanism and to the exhaust- 
side electromagnetic driving mechanism may be re- 
duced, and at the same time, the timing for application 
of magnetizing current may be retarded. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The Invention will be described in conjunction 
with the following drawings in which like reference nu- 
merals identify like elements and wherein: 

Fig. 1 is an overall plan view of an Internal combus- 
tion engine having an electromagnetic valve driving 
mechanism according to first embodiment of the in- 
vention; 

Fig. 2 Is an overall view of the internal structure of 
the internal combustion engine according to the first 
embodiment of the Invention; 
Fig. 3 shows the Internal structure of an Intake-side 
electromagnetic driving mechanism according to 
the first embodiment of the invention; 
Fig. 4 is a block diagram of the internal structure of 
an ECU employed in the first embodiment of the in- 
vention; 

Fig. 5 is a flowchart of a magnetizing current amount 
correction control routine according to the first em- 
bodiment of the invention; and 
Fig. 6 shows the amount of magnetizing current and 
timing for application of magnetizing current in ac- 
cordance with the temperature of the lubricating oil 
in second embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0020] Hereinafter, an internal combustion engine 
having an electromagnetic valve driving mechanism ac- 
cording to first embodiment of the invention will be de- 
scribed with reference to the drawings. 
[0021] Figs. 1 and 2 show overall structures of an In- 
ternal combustion engine and Its intake and exhaust 
systems according to an embodiment of the invention. 
An internal combustion engine 1 shown in Figs. 1 and 
2 is a four-stroke-cycle water-copied gasoline engine 
equipped with four cylinders 21 . 
[0022] The internal combustion engine 1 has a cylin- 
der block 1 b and a cylinder head 1 a. The four cylinders 
21 and a coolant passage 1c are formed in the cylinder 
block 1 b. The cylinder head 1 a Is fixed to an upper por- 
tion of the cylinder block 1 b. 

[0023] A crankshaft 23 as an engine output shaft is 
rotatably supported by the cylinder block 1b. The crank- 
shaft 23 is connected to a piston 22 via a connecting rod 
19. A piston 22 is slidably inserted into each of the cyl- 
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inders 21 . 

[0024] The crankshaft 23 Is fitted at an end thereof 
with a timing rotor 51a that has a plurality of teeth along 
Its periphery. An electromagnetic pick-up 51 b is fitted to 
the cylinder block 1b at a position close to the timing 
rotor 51 a. The timing rotor 51a and the electromagnetic 
pick-up 51b constitute a crank position sensor 51 . 
[0025J The cylinder block 1b Is fitted with a coolant 
temperature sensor 52 that outputs an electric signal 
corresponding to a temperature of coolant flowing 
through the coolant passage 1c. 
[0026] A combustion chamber 24 that Is surrounded 
by a top face of the piston 22 and a wall surface of the 
cylinder head 1a is formed above the piston 22 of each 
of the cylinders 21. An Ignition plug 25 is fitted to the 
cylinder head 1 a In such a manner as to face the com- 
bustion chamber 24 of each of the cylinders 21 . An Ig- 
niter 25a for applying a driving currentto the ignition plug 
25 is connected thereto. 

[0027] Two opening ends of an intake port 26 and two 
opening ends of an exhaust port 27 are formed in the 
cylinder head 1a in a region that faces the combustion 
chamber 24 of each of the cylinders 21 . Intake valves 
28 for opening and closing the opening ends of the In- 
take port 26 and exhaust valves 29 for opening and clos- 
ing the opening ends of the exhaust port 27 are provided 
in the cylinder head 1 a in a reciprocating manner. 
[0028] Intake-side electromagnetic driving mecha- 
nisms 30 that are equal in number to the intake valves 

28 are provided in the cylinder head 1a. Using an elec- 
tromagnetic force generated upon application of a mag- 
netizing current thereto, the intake-side electromagnetic 
driving mechanisms 30 drive the Intake valves 28 in a 
reciprocating manner. An intake-side driving circuit 30a 
is electrically connected to each of the intake-side elec- 
tromagnetic driving mechanisms 30. The intake-side 
driving circuit 30a serves to apply a magnetizing current 
to a corresponding one of the intake-side electromag- 
netic driving mechanisms 30. 

[0029] Exhaust-side electromagnetic driving mecha- 
nisms 31 that are equal in number to the exhaust valves 

29 are provided In the cylinder head 1a. Using an elec- 
tromagnetic force generated upon application of a mag- 
netizing current thereto, the exhaust-side electromag- 
netic driving mechanisms 31 drive the exhaust valves 
29 in a reciprocating manner. An exhaust-side driving 
circuit 31a is electrically connected to each of the ex- 
haust-side electromagnetic driving mechanisms 31. 
The exhaust-side driving circuit 31a serves to apply a 
magnetizing current to a corresponding one of the ex- 
haust-side electromagnetic driving mechanisms 31. 
[0030] Hereinafter, specific structures of the intake- 
side electromagnetic driving mechanisms 30 and the 
exhaust-side electromagnetic driving mechanisms 31 
will be described. Because the intake-side electromag- 
netic driving mechanisms 30 and the exhaust-side elec- 
tromagnetic driving mechanisms 31 are structurally 
identical, the following description will refer only to the 



Intake-side electromagnetic driving mechanisms 30 as 
an example. 

[0031 ] Fig. 3 is a sectional view of the structure of one 
of the Intake-side electromagnetic driving mechanisms 
* 30. In Fig. 3, the cylinder head 1a of the internal com- 
bustion engine 1 has a lower head 1 0 and an upper head 
11. The lower head 10 is fixed to an upper face of the 
cylinder block 1 b. The upper head 1 1 is provided on the 
lower head 1 0. 

10 [0032] Two Intake ports 26 are formed in the lower 
head 10 for each of the cylinders 21. A valve seat 12, 
on which a valve body 2Ba of a corresponding one of 
the intake valves 28 sits, is provided In the opening end 
of each of the Intake ports 26 on the side of the corn- 
's bustion chamber 24. 

[0033] A through-hole that is circular In cross-section 
and that extends from an Inner wall surface of each of 
the Intake ports 26 to the upper surface of the lower head 
1 0 is formed in the lower head 1 0. A tubular valve gu ide 
20 13 is inserted into the through-hole. A valve shaft 28b 
of the intake valve 28 passes through an inner hole in 
the valve guide 13 and is slidable In the axial direction. 
[0034] A core fitting hole 14 that is circular In cross- 
section is provided in the upper head 11 in a region that 
& is coaxial with the valve guide 1 3. A first core 301 and 
a second core 302 are fitted into the core fitting hole 14. 
A lower portion of the core fitting hole 14 is larger in di- 
ameter than an upper portion of the core fitting hole 14. 
Hereinafter, the lower portion of the core fitting hole 14 
so will be referred to as a large-diameter portion 14b, and 
the upper portion of the core fitting hole 14 will be re- 
ferred to as a small-diameter portion 14a. 
[0035] A first core 30 1 and a second core 302 are ax- 
ially fitted in series into the small-diameter portion 14a 
35 with a predetermined clearance 303 between them. The 
first core 301 and the second core 302 are annular mem- 
bers made of a soft magnetic material. A flange 301 a is 
formed at an upper end of the first core 301 . The first 
core 301 is fitted Into the core fitting hole 1 4 from above. 
to The flange 301 a abuts on an edge of the core fitting hole 
14, whereby the first core 301 is positioned. A flange 
302a is formed at a lower end of the second core 302. 
The second core 302 Is fitted into the core fitting hole 
1 4 from below. The flange 302a abuts on an edge of the 
45 core fitting hole 1 4, whereby the second core 302 Is po- 
sitioned. Therefore, the predetermined clearance 303 Is 
maintained between the first core 301 and the second 
core 302. 

[0036] An upper plate 31 8 constructed of an annular 
so member that has an outer diameter larger than a diam- 
eter of the flange 301 a is disposed above an upper por- 
tion of the first core 301 . A tubular upper cap 305 Is dis- 
posed above an upper portion of the upper plate 31 8. A 
flange 305a that has an outer diameter substantially 
55 equal to a diameter of the upper plate 31 8 is formed at 
a lower end of the upper cap 305. 
[0037] The uppercap305andthe upper plate 31 8 are 
fixed to an upper surface of the upper head 11 by bolts 
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304. The bolts 304 penetrate Into the upper head 11 via 
the upper plate 318 from an upper surface of the flange 
305a of the upper cap 305. 

[0038] In this case, the lower end of the upper cap 305 
including the flange 305a abuts on an upper surface of 5 
the upper plate 31 8. The upper plate 31 8 is fixed to the 
upper head 11 , with a lower surface of the upper plate 
318 abutting on a peripheral portion of an upper surface 
of the first core 301 . As a result, the first core 301 is fixed 
to the upper head 11 . to 
[0039] A lower plate 307 made of an annular member 
that has an outer diameter substantially equal to the di- 
ameter of the large-diameter portion 1 4b of the core fit- 
ting hole 1 4 is provided below a lower portion of the sec- 
ond core 302. The lower plate 307 Is fixed to a down- *s 
wardly directed stepped surface in a stepped portion be- 
tween the small-diameter portion 14a and the large-di- 
ameter portion 1 4b, by bolts 306 that penetrate into the 
upper head 11 from below a lower surface of the lower 
plate 307. In this case, the lower plate 307 is fixed while 20 
abutting on a peripheral portion of a lower surface of the 
second core 302. As a result, the second core 302 is 
fixed to the upper head 1 1 . 

[0040] A first electromagnetic coil 308 is held by a 
groove that Is formed in a surface of the first core 301 25 
on the side of the clearance 303. A second electromag- 
netic coil 309 is held by a groove that is formed in a sur- 
face of the second core 302 on the side of the clearance 
303. The first electromagnetic coil 308 and the second 
electromagnetic coil 309 are disposed at such locations so 
that they face each other via the clearance 303. The first 
electromagnetic coil 308 and the second electromag- 
netic coil 309 are electrically connected to the intake- 
side driving circuit 30a. 

[0041 ] The first core 301 and the first electromagnetic 35 
coil 308 operate as an electromagnet. The second core 
302 and the second electromagnetic coil 309 also oper- 
ate as an electromagnet. 

[0042] An armature 311 madeof an annular soft mag- 
netic material that has an outer diameter smaller than *o 
an inner diameter of the clearance 303 is disposed in 
the clearance 303. An armature shaft 310 is fixed to a 
hollow central portion of the armature 311 and can ex- 
tend vertically along an axial centerline of the armature 
31 1 . The armature shaft 31 0 is made of a columnar non- 45 
magnetic material that has an outer diameter smaller 
than a diameter of the hollow portions of the first core 
301 and the second core 302. 

[0043] An upper end of the armature shaft 310 is 
formed in such a manner as to reach the Inside of the so 
upper cap 305 through the hollow portion of the first core 
301 . A lower end of the armature shaft 31 0 is formed in 
such a manner as to reach the inside of the large-diam- 
eter portion 14b through the hollow portion of the second 
core 302. 55 
[0044] In accordance therewith, an annular upper 
bush (bearing portion) 319 that has an inner diameter 
substantially equal to an outer diameter of the armature 



shaft 3 1 0 Is provided at an upper end of the hollow por- 
tion of the first core 301 . Also, an annular lower bush 
(bearing portion) 320 that has an Inner diameter sub- 
stantially equal to an outer diameter of the armature 
shaft 3101s provided at a lower end of the hollow portion 
of the second core 302. The armature shaft 31 0 is axlally 
slidabiy held by the upper bush 319 and the lower bush 
320. 

[0045] An upper retainer 31 2 In the shape of a circular 
ptate Is connected to the upper end of the armature shaft 
310 that extends into the upper cap 305. An adjusting 
bolt 313 is screwed Into an upper opening of the upper 
cap 305. An upper spring 31 4 is interposed between the 
upper retainer 312 and the adjusting bolt 313. A spring 
seat 315 that has an outer diameter substantially equal 
to an Inner diameter of the upper cap 305 is Interposed 
between an abutment surface of the adjusting bolt 313 
and an abutment surface of the upper spring 314. 
[0046] An upper end of the valve shaft 28b of the in- 
take valve 28 abuts on the lower end of the armature 
shaft 310 that extends into the large-diameter portion 
14b. A lower retainer 28c in the shape of a circular disc 
is connected to an outer periphery of the upper end of 
the valve shaft 28b. A lower spring 316 is interposed 
between a lower surface of the lower retainer 28c and 
the upper surface of the lower head 10. 
[0047] In the Intake-side electromagnetic driving 
mechanism 30 thus constructed, when no magnetizing 
current is applied to the first electromagnetic coil 308 
and the second electromagnetic coil 309 from the in- 
take-side driving circuit 30a, an urging force acts down- 
ward from the upper spring 314 to the armature shaft 
310 (I.e., in a direction in which the intake valve 28 is 
opened), and an urging force acts upward from the lower 
spring 316 to the intake valve 28 (i.e., in a direction In 
which the Intake valve 28 is closed). As a result, the ar- 
mature shaft 310 and the Intake valve 28 are maintained 
in a so-called neutral state In which they abut against 
each other and are elastlcally supported at predeter- 
mined positions. 

[0046] Urging forces of the upper spring 314 and the 
lower spring 316 are set such that a neutral position of 
the armature 311 becomes a central position between 
the first core 301 and the second core 302 in the clear- 
ance 303. If the neutral position of the armature 31 1 has 
deviated from the aforementioned central position due 
to the initial tolerance, aging, etc. of component mem- 
bers, adjustment can be made by the adjusting bolt 313 
such that the neutral position of the armature 311 coin- 
cides with the central position. 

[0049] Axial lengths of the armature shaft 31 0 and the 
valve shaft 28b are set such that the valve body 28a is 
at a central position between an opening-side displace- 
ment end and a closing-side displacement end (herein- 
after referred to as a half -open position) when the arma- 
ture 311 is at the central position in the clearance 303. 
Furthermore, axial lengths of the armature shaft 31 0 and 
the valve shaft 28b are set such that the valve seat 28a 
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sits on the valve seat 12 when the armature 311 abuts 
on the first core 301 . 

[0050] In the above-described Intake-side electro- 
magnetic driving mechanism 30, when a magnetizing 
current is applied to the first electromagnetic coil 308 
from the intake-side driving circuit 30a, an electromag- 
netic force that acts in such a direction as to displace 
the armature 311 toward the first core 301 is generated 
between the side of the first core 301 (the first electro- 
magnetic coll 308) and the armature 31 1 . Therefore, the 
armature 31 1 is displaced toward Its closing side against 
an urging force of the upper spring 314 and comes into 
abutment on the first core 301 . 

[0051 J When the armature 31 1 abuts on the first core 
301 , the intake valve 28 retreats while receiving an urg- 
ing force of the lower spring 31 6, and assumes a state 
in which the varve body 28a of the Intake valve 28 sits 
on the valve seat 12, i.e., a fully-closed state. 
[0052] in the above-described intake-side electro- 
magnetic driving mechanism 30, when a magnetizing 
current is applied to the second electromagnetic coil 309 
from the Intake-side driving circuit 30a, an electromag- 
netic force that acts in such a direction as to displace 
the armature 31 1 toward the second core 302 Is gener- 
ated between the side of the second core 302 (the sec- 
ond electromagnetic coil 309) and the armature 311. 
Therefore, the armature 311 is displaced toward its 
opening side against an urging force of the lower spring 
316 and comes Into abutment on the second core 302. 
[0053] When the armature 311 abuts on the second 
core 302, the armature shaft 31 0 presses the valve shaft 
28b in its opening direction against an urging force of 
the lower spring 31 6. The intake valve 28 is maintained 
In its fully-open state by the pressing force. 
[0054] In the above-described intake-side electro- 
magnetic driving mechanism 30, in the case where the 
Intake valve 28 that is In its fully-closed state is opened, 
the intake-side driving circuit 30a first stops applying 
magnetizing current to the first electromagnetic coll 308. 
[0055] At this moment, the electromagnetic force that 
is generated in the electromagnet composed of the first 
core 301 and the first electromagnetic coil 308 and that 
attracts the armature 311 terminates. Therefore, the ar- 
mature 31 1 and the intake valve 28 are displaced in their 
opening directions while receiving an urging force of the 
upper spring 314. 

[0056] immediately after the armature 311 has been 
displaced to a position near the second core 302 while 
receiving an urging force of the upper spring 314, the 
Intake-side driving circuit 30a applies magnetizing cur- 
rent to the second electromagnetic coil 309. Thus, an 
electromagnetic force that attracts the armature 311 to 
the second core 302 is generated among the second 
core 302, the second electromagnetic coil 309, and the 
armature 311. Because of this electromagnetic force, 
the armature 311 is displaced to such a position (open- 
ing-side displacement end) that the armature 311 abuts 
on the second core 302. As a result, the intake valve 28 



assumes its fulry-open state. 

[00571 On the other hand, In the above-described In- 
take-side electromagnetic driving mechanism 30, In the 
case where the Intake valve 2B that is in Its fulry-open 
« state Is closed, the intake-side driving circuit 30a first 
stops applying magnetizing current to the second elec- 
tromagnetic coil 309. 

[0058] At this moment, the electromagnetic force that 
Is generated In the electromagnet composed of the sec- 
10 ond core 302 and the second electromagnetic coll 309 
and that attracts the armature 311 terminates. There- 
fore, the armature 31 1 and the intake valve 28 are dis- 
placed In their closing directions while receiving an urg- 
ing force of the lower spring 316. 

15 [0059] Immediately after the armature 311 has been 
displaced to a position near the first core 301 while re- 
ceiving an urging force of the lower spring 316, the In- 
take-side driving circuit 30a applies magnetizing current 
to the first electromagnetic coil 308. Thus, an electro- 

20 magnetic force that attracts the armature 31 1 to the first 
core 301 is generated among the first core 301 , the first 
electromagnetic coil 308, and the armature 311. Be- 
cause of this electromagnetic force, the armature 31 1 is 
displaced to such a position (closing-side displacement 

& end) that the armature 31 1 abuts on the first core 301 . 
As a result, the valve body 28a of the intake valve 28 
sits on the valve seat 12. 

[0060] In this manner, the intake-side driving circuit 
30a alternately applies magnetizing current to the first 

30 electromagnetic coil 308 and to the second electromag- 
netic coil 309 at predetermined timings. Thus, the arma- 
ture 311 operates in a reciprocating manner between 
the closing-side displacement end and the opening-side 
displacement end. In accordance with this reciprocating 

35 movement, the valve shaft 26b is driven in a reciprocat- 
ing manner, and at the same time, the valve body 28a 
is driven in its opening and closing directions. 
[0061 ] Accordingly, the Intake-side driving circuit 30a 
changes timings for application of magnetizing current 

*o to the first electromagnetic coil 308 and the second elec- 
tromagnetic coil 309, whereby timings for opening and 
closing the intake valve 28 can be controlled arbitrarily. 
[0062] The above-described intake-side electromag- 
netic driving mechanism 30 Is provided with a lubricating 

*s mechanism that reduces a sliding resistance between 
the armature shaft 310 and the upper bush 319 and a 
sliding resistance between the armature shaft 310 and 
the lower bush 320. 

[0063] The above-described lubricating mechanism 
so has an annular upper-side recess 31 8a, an annular low- 
er-side recess 307a, an upper-side oil passage 401 , a 
lower-side oil passage 402, a communication passage 
403, and a return passage 404. 
[0064] The annular upper-side recess 31 8a is provid- 
ss ed in the lower surface of the upper plate 31 8 in a region 
that faces an upper surface of the upper bush 31 9. The 
annular lower-side recess 307a is provided in an upper 
surface of the lower plate 307 in a region that faces the 
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lower bush 320. The upper-side oil passage 401 Intro- 
duces lubricating oil discharged from an oil pump (not 
shown) to the upper-side recess 318a. The lower-side 
oil passage 402 Introduces lubricating oil discharged 
from the oil pump to the lower-side recess 307a. The 
communication passage 403 Introduces to the lower- 
side recess 307a a surplus of lubricating oil that has 
been supplied to the upper-side recess 31 8a. The return 
passage 404 returns to an oil pan (not shown) lubricat- 
ing oil that has fallen into the large-diameter portion 1 4b 
from the lower-side recess 307a through a clearance 
between the armature shaft 31 0 and the lower plate 307 
and so on. 

[0065] In the example shown in Fig. 3 , the upper-side 
oil passage 401 is formed in such a manner as to extend 
from the oil pump to the upper-side recess 31 8a through 
the upper head 1 1 , the flange 301 a of the first core 301 , 
and the inside of the upper plate 318. The lower-side oil 
passage 402 is formed in such a manner as to extend 
from the oil pump to the lower-side recess 307a through 
the upper head 11 , the second core 302, and the inside 
of the lower plate 307. The communication passage 403 
Is formed in such a manner as to extend from the upper- 
side recess 31 8a to the lower-side recess 307a through 
the upper plate 31 8, the flange 301 a of the first core 301 , 
the upper head 11 , the flange 302a of the second core 
302, and the inside of the lower plate 307. Furthermore, 
the return passage 404 is formed in such a manner as 
to extend from the large-diameter portion 14b to the oil 
pan through the inside of the lower head 10. 
[0066] Naturally, the structures of the upper-side oil 
passage 401 , the lower-side oil passage 402, the com- 
munication passage 403, and the return passage 404 
as described above are not limited to those shown in 
Fig. 3. 

[0067] In the lubricating mechanism thus constructed, 
lubricating oil discharged from the oil pump is supplied 
to the upper-side recess 31 8a via the upper-side oil pas- 
sage 401. The lubricating oil that has been supplied to 
the upper-side recess 31 8a enters a clearance between 
an outer peripheral surface of the armature shaft 310 
and an inner peripheral surface of the upper bush 31 9, 
due to reciprocating movements of the armature shaft 
310. The lubricating oil reduces friction occurring be- 
tween the outer peripheral surface of the armature shaft 
310 and the Inner peripheral surface of the upper bush 
319. 

[0066] In the above-described lubricating mecha- 
nism, lubricating oil discharged from the oil pump is sup- 
plied to the lower-side recess 307a via the lower-side 
oil passage 402. A surplus of lubricating oil that has 
been supplied to the upper-side recess 31 8a is supplied 
to the lower-side recess 307a via the communication 
passage 403 from the upper-side recess 318a. 
[0069] The lubricating oil that has been supplied to the 
lower-side recess 307a enters a clearance between the 
outer peripheral surface of the armature shaft 310 and 
the inner peripheral surface of the lower bush 320, due 
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to reciprocating movements of the armature shaft 310. 
The lubricating oil reduces friction occurring between 
the outer peripheral surface of the armature shaft 310 
and the inner peripheral surface of the lower bush 320. 

5 [0070] A surplus of lubricating oil that has been sup- 
plied to the lower-side recess 307a enters the large-di- 
ameter portion 14b via the clearance between the ar- 
mature shaft 31 0 and the lower plate 307 and so on, and 
then fails onto the upper surface of the lower head 10. 

10 The lubricating oil that has fallen onto the upper surface 
of the lower head 10 flows Into the return passage 404 
and is returned to the oil pan. 

[0071] Such a lubricating mechanism reduces sliding 
resistance of the armature shaft 310. Therefore, the ar- 
13 mature shaft 31 0 can move in a reciprocating manner 
by a relatively small electromagnetic force. As a result, 
the amount of magnetizing current to be applied to the 
first electromagnetic coil 308 and to the second electro- 
magnetic coil 309 can be reduced. 
20 [0072] Furthermore, the above-described intake-side 
electromagnetic driving mechanism 30 is fitted with a 
valve lift sensor 31 7 that detects displacement of the In- 
take valve 28. The valve lift sensor 31 7 is composed of 
a target 31 7a In the shape of a circular plate and a gap 

23 sensor 31 7b. The target 3 1 7a in the shape of a circular 
plate is fitted to an upper surface of the upper retainer 
312. The gap sensor 317b is fitted to the adjusting bolt 
313 in a region that faces the upper retainer 312. 
[0073] The target 31 7a is displaced together with the 

30 armature 31 1 of the intake-side electromagnetic driving 
mechanism 30. The gap sensor 31 7b outputs to a later- 
described electronic control unit (ECU) 20 an electric 
signal corresponding to a distance between the gap 
sensor 31 7b and the target 31 7a. 

35 [0074] Herein, the ECU 20 stores in advance an out- 
put signal value that is generated by the gap sensor 
317b when the armature 311 is in its neutral state. By 
calculating a difference between the output signal value 
and a current output signal value of the gap sensor 

*o 31 7b, displacement strokes of the armature 31 1 and the 
intake valve 28 can be determined specifically. 
[0075] Referring again to Figs. 1 and 2, an intake 
manifold 33 composed of four branch pipes is connect- 
ed to the cylinder head 1a of the internal combustion 

*3 engine 1 . Each of the branch pipes of the intake manifold 
33 is in communication with the intake port 26 of a cor- 
responding one of the cylinders 21 . 
[0076] The cylinder head 1 a is fitted with fuel injection 
valves 32 at positions close to regions for connection 

30 with the intake manifold 33 such that an injection hole 
of each of the fuel Injection valves 32 Is directed toward 
the Inside of the intake port 26. 
[0077] The intake manifold 33 Is connected to a surge 
tank 34 for suppressing pulsation of intake air. The surge 

35 tank 34 is connected to an intake pipe 35. The intake 
pipe 35 Is connected to an air cleaner box 36 for remov- 
ing dirt, dust, and so on from intake air. 
[0078] An air flow meter 44 that outputs an electric 
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signal corresponding to a mass of air flowing through 
the Intake pipe 35 (intake air mass) Is fitted to the intake 
pipe 36. A throttle valve 39 that adjusts the amount of 
Intake air flowing through the intake pipe 35 is provided 
in the Intake pipe 35 In a region downstream of the air 
flow meter 44. 

[0079] A throttle actuator 40 and a throttle position 
sensor 41 are fitted to the throttle valve 39. 
[0080] The throttle actuator 40 is constructed of a 
stepper motor or the like and drives the throttle valve 39 
in Its opening and closing directions In accordance with 
a magnitude of applied voltage. The throttle position 
sensor 41 outputs an electric signal corresponding to an 
opening amount of the throttle valve 39. 
[0081 ] An accelerator lever (not shown) is fitted to the 
throttle valve 39. This accelerator lever is rotatable In- 
dependently of the throttle valve 39 and rotates In coop- 
eration with an accelerator pedal 42. An accelerator po- 
sition sensor 43 that outputs an electric signal corre- 
sponding to an amount of rotation of the accelerator le- 
ver is fitted to the accelerator lever. 
[0082] On the other hand, an exhaust manifold 45 that 
is formed such that four branch pipes converge into one 
collective pipe Immediately downstream of the internal 
combustion engine 1 is connected to the cylinder head 
1 a of the internal combustion engine 1 . Each of the 
branch pipes of the exhaust manifold 45 is in communi- 
cation with the exhaust port 27 of a corresponding one 
of the cylinders 21. 

[0083] The exhaust man if old 45 is connected to an ex- 
haust pipe 47 via an exhaust gas purifying catalyst 46. 
The exhaust pipe 47 is connected, at a position down- 
stream thereof, to a muffler (not shown). An air-fuel ratio 
sensor 48 is fitted to the exhaust manifold 45. The air- 
fuel ratio sensor 48 outputs an electric signal that cor- 
responds to an air-fuel ratio of exhaust gas flowing 
through the exhaust manifold 45 (i.e., exhaust gas flow- 
ing Into the exhaust gas purifying catalyst 46). 
[0084] For instance, the exhaust gas purifying cata- 
lyst 46 is a three-way catalyst, an absorption-reduction- 
type NO x catalyst, a selectlve-reduction-type NO x cata- 
lyst, or a catalyst obtained by suitably combining the 
aforementioned various catalysts. 
[0085] The three-way catalyst purifies hydrocarbons 
(HC), carbon monoxide (CO), and nitrogen oxides (NO x ) 
included in exhaust gas when the air-fuel ratio of ex- 
haust gas flowing into the exhaust gas purifying catalyst 
46 is a predetermined air-fuel ratio close to the stoichi- 
ometric air-fuel ratio. The absorption -reduction -type 
NO x catalyst absorbs nitrogen oxides (NO x ) included in 
exhaust gas when the air-fuel ratio of exhaust gas flow- 
ing into the exhaust gas purifying catalyst 46 Is lean, and 
discharges, reduces, and purifies the absorbed nitrogen 
oxides (NO x ) when the air-fuel ratio of exhaust gas flow- 
ing into the exhaust gas purifying catalyst 46 is stoichi- 
ometric or rich. The selective-reduction-type NO x cata- 
lyst reduces and purifies nitrogen oxides (NO x ) in ex- 
haust gas when the air-fuel ratio of exhaust gas flowing 
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Into the exhaust gas purifying catalyst 46 Indicates a 
state of excessive oxygen with a predetermined reduc- 
ing agent being present. 

[0086] The internal combustion engine 1 thus con- 
a structed is combined with the ECU 20 for controlling an 
operation state of the internal combustion engine 1 . 
[0087] As shown In Fig. 4, various sensors Including 
the throttle position sensor 41 , the accelerator position 
sensor 43, the air flow meter 44, the air-fuel ratio sensor 
10 48, the crank position sensor 51 , the coolant tempera- 
ture sensor 52, the valve lift sensor 31 7, and so on are 
connected to the ECU 20 via electric wires. An output 
signal from each of the sensors is input to the ECU 20. 
[0088] The igniter 25a, the intake-side driving circuit 
15 30a, the exhaust-side driving circuit 31 a, the fuel injec- 
tion valve 32, the throttle actuator 40, and so on are con- 
nected to the ECU 20 via electric wires. Using output 
signal values of the sensors, the ECU 20 can control the 
igniter 25a, the intake-side driving circuit 30a, the ex- 
20 haust-slde driving circuit 31 a, the fuel Injection valve 32, 
and the throttle actuator 40. 

[0089] The ECU 20 has a CPU 401 , a ROM 402, a 
RAM 403, a back-up RAM 404, an Input port 405, an 
output port 406, and an A/D converter (A/D) 407. The 

25 CPU 401 , the ROM 402, the RAM 403, the back-up RAM 
404, the input port 405, and the output port 406 are in- 
terconnected by a bi-directional bus 400. The A/D con- 
verter (A/D) 407 is connected to the input port 405. 
[0090] The A/D 407 is connected to sensors output- 

30 ting analog signals (the throttle position sensor 41 , the 
accelerator position sensor 43, the air flow meter 44, the 
air-fuel ratio sensor 48, the coolant temperature sensor 
52, the valve lift sensor 31 7, and so on) via electric wires. 
The A/D 407 performs analog-to-digital conversion of 

35 output signals from the aforementioned sensors, and 
then sends them to the Input port 405. 
[0091] The Input port 405 is also connected to sensors 
outputting digital signals, such as the crank position sen- 
sor 51. 

*o [0092] Output signals from the sensors are input to 
the input port 405 either directly or via the A/D 407. The 
input port 405 sends the output signals that have been 
input thereto from the sensors, to the CPU 401 and the 
RAM 403 via the bi-directional bus 400. 

45 [0093] The output port 406 is connected to the igniter 
25a, the intake-side driving circuit 30a, the exhaust-side 
driving circuit 31 a, the fuel injection valves 32, the throt- 
tle actuator 40, and so on via electric wires. A control 
signal output from the CPU 401 is input to the output 

so port 406 via the bi-directional bus 400. The output port 
406 sends the control signal to the igniter 25a, the in- 
take-side driving circuit 30a, the exhaust-side driving 
circuit 31a, the fuel injection valves 32, or the throttle 
actuator 40. 

55 [0094] The ROM 402 stores a magnetizing current 
amount correction control routine in addition to applica- 
tion programs such as a fuel injection amount control 
routine, a fuel injection timing control routine, an intake- 
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valve openlng-and-closlng timing control routine, an ex- 
haust-valve openlng-and-closlng timing control routine, 
an Intake-side magnetizing current amount control rou- 
tine, an exhaust-side magnetizing current amount con- 
trol routine, an ignition timing control routine, a throttle s 
opening control routine, and so on, 
[0095] The fuel injection amount control routine deter- 
mines a fuel Injection amount. The fuel injection timing 
control routine determines a fuel Injection timing. The 
intake-valve openlng-and-closlng timing control routine i o 
determines timings for opening and closing the intake 
valve 28. The exhaust-valve opening-and-closing timing 
control routine determines timings for opening and clos- 
ing the exhaust valve 29. The Intake-side magnetizing 
current control routine determines an amount of mag- 15 
netlzing current to be applied to the intake-side electro- 
magnetic driving mechanism 30. The exhaust-side 
magnetizing current amount control routine determines 
an amount of magnetizing current to be applied to the 
exhaust-side electromagnetic driving mechanism 31. 20 
The Ignition timing control routine determines an Ignition 
timing of the Ignition plug 25 of each of the cylinders 21 . 
The throttle opening control routine determines an 
opening of the throttle valve 39. A power consumption 
reduction control routine reduces power consumption of zs 
the exhaust-side electromagnetic driving mechanism 31 
at a predetermined timing. The magnetizing current 
amount correction control routine corrects amounts of 
magnetizing current to be applied to the Intake-side 
electromagnetic driving mechanism 30 and the exhaust- 30 
side electromagnetic driving mechanism 31 , In accord- 
ance with a temperature of the lubricating oil. 
[0098] The ROM 402 stores various control maps In 
addition to the above-described application programs. 
For instance, the above-described control maps include 35 
a fuel Injection amount control map, a fuel injection tim- 
ing control map, an intake-valve opening-and-closing 
timing control map, an exhaust- valve opening-and-clos- 
ing timing control map, an intake-side magnetizing cur- 
rent amount control map, an exhaust-side magnetizing 40 
current amount control map, an ignition timing control 
map, a throttle opening control map, and so on. 
[0097] The fuel injection amount control map shows 
a relation between an operation state of the internal 
combustion engine 1 and a fuel injection amount. The *s 
fuel injection timing control map shows a relation be- 
tween an operation state of the internal combustion en- 
gine 1 and a fuel injection timing. The Intake-valve open- 
ing-and-closing timing control map shows a relation be- 
tween an operation state of the internal combustion en- so 
gine 1 and timings for opening and closing the intake 
valves 28. The exhaust-valve opening-and-closing tim- 
ing control map shows a relation between an operation 
state of the internal combustion engine 1 and timings for 
opening and closing the exhaust valves 29. The intake- ss 
side magnetizing current amount control map shows a 
relation between an operation state of the internal com- 
bustion engine 1 and an amount of magnetizing current 



to be applied to the intake-side electromagnetic driving 
mechanism 30. The exhaust-side magnetizing current 
amount control map shows a relation between an oper- 
ation state of the Internal combustion engine 1 and an 
amount of magnetizing current to be applied to the ex- 
haust-side electromagnetic driving mechanism 31 . The 
ignition timing control map shows a relation between an 
operation state of the internal combustion engine 1 and 
an ignition timing of each Ignition plug 25. The throttle 
opening control map shows a relation between an op- 
eration state of the Internal combustion engine 1 and an 
opening amount of the throttle valve 39. 
[0098] The RAM 403 stores output signals from the 
sensors, calculation results of the CPU 401 , and so on. 
For instance, the calculation results include an engine 
speed that is calculated based on an output signal from 
the crank position sensor 51 , and so on. Various data 
stored in the RAM 403 are rewritten into latest data eve- 
ry time the crank position sensor 51 outputs a signal. 
[0099] The back-up RAM 404 is a non-volatile mem- 
ory that maintains data even after the Internal combus- 
tion engine 1 has been turned off. The back-up RAM 
404 stores learning values relating to various kinds of 
control, Information for locating defective portions, and 
so on. 

[0100] The CPU 401 operates in accordance with an 
application program stored in the ROM 402. The CPU 
401 performs magnetizing current amount correction 
control in addition to well-known kinds of control, such 
as fuel injection control, ignition control, intake-valve 
opening-and-closing control, exhaust-valve openlng- 
and-closlng control, throttle control, and so on. 
[0101] Hereinafter, magnetizing current amount cor- 
rection control for the intake-side electromagnetic driv- 
ing mechanism 30 and the exhaust-side electromagnet- 
ic driving mechanism 31 will be described. 
[0102] In determining amounts of magnetizing current 
In the intake-side electromagnetic driving mechanism 
30 and the exhaust-side electromagnetic driving mech- 
anism 31 , the CPU 401 performs the intake-side mag- 
netizing current amount control routine and the exhaust- 
side magnetizing current amount control routine that are 
stored in the ROM 402 in advance. 
[0103] Hereinafter, one example of the intake-side 
magnetizing current amount control routine and the ex- 
haust-side magnetizing current amount control routine 
will be described. The CPU 401 reads out data stored 
in the RAM 403 (e.g., output signals from the sensors, 
engine speed, etc.), and determines an operation state 
of the internal combustion engine 1 based on the data. 
The CPU 401 then accesses the intake-side magnetiz- 
ing current amount control map and the exhaust-side 
magnetizing current amount control map in the ROM 
402, and calculates an amount of magnetizing current 
corresponding to the operation state of the internal com- 
bustion engine 1. 

[0104] The CPU 401 controls the intake-side driving 
circuit 30a and the exhaust-side driving circuit 31 a such 
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that the aforementioned amount of magnetizing current 
Is applied to the Intake-side electromagnetic driving 
mechanism 30 and to the exhaust-side electromagnetic 
driving mechanism 31, and then performs feed-back 
control of the amount of magnetizing current based on s 
an output signal value of the valve lift sensor 31 7. 
[0105] As described in the foregoing description of 
Fig. 3, the intake-side electromagnetic driving mecha- 
nism 30 and the exhaust-side electromagnetic driving 
mechanism 31 are provided with mechanisms for sup- 10 
plying lubricating oil, in sliding regions such as a region 
where the armature shaft 31 0 is in contact with the upper 
bush 319 and a region where the armature shaft 310 is 
in contact with the lower bush 320. Therefore, genera- 
tion of friction in the sliding regions as described above 15 
is suppressed. As a result, the intake-side electromag- 
netic driving mechanism 30 and the exhaust-side elec- 
tromagnetic driving mechanism 31 can drive the Intake 
valve 28 and the exhaust valve 29 in their opening and 
dosing directions, with a relatively small amount of mag- 20 
netizing current. 

[01 08] Lubricating oil has a characteristic' whereby Its 
viscosity changes in accordance with a temperature 
thereof. For example, the viscosity of lubricating oil in- 
creases as the temperature thereof falls, and the vtecos- 25 
ity of lubricating oil decreases as the temperature there- 
of rises. 

[0107] Therefore, in the intake-side electromagnetic 
driving mechanism 30 and the exhaust-side electro- 
magnetic driving mechanism 31 , sliding resistance of 30 
the armature shaft 310 increases when lubricating oil is 
at a low temperature. On the other hand, sliding resist- 
ance of the armature shaft 31 0 decreases when lubri- 
cating oil is at a high temperature. If the amount of mag- 
netizing current applied to the intake-side electromag- 35 
netic driving mechanism 30 and to the exhaust-side 
electromagnetic driving mechanism 31 is constant Irre- 
spective of a temperature of the lubricating oil, the op- 
erating speed of the armature shaft 310 decreases in 
proportion to a fall in temperature of the lubricating oil 40 
and increases in proportion to a rise in temperature of 
the lubricating oil. That is, rf the amount of magnetizing 
current applied to the intake-side electromagnetic driv- 
ing mechanism 30 and to the exhaust-side electromag- 
netic driving mechanism 31 is constant irrespective of a 
temperature of lubricating oil, opening-and-closing op- 
eration speeds of the intake valve 28 and the exhaust 
valve 29 change depending on a temperature of lubri- 
cating oil. 

[0108] Therefore, in the internal combustion engine so 
having the electromagnetic valve driving mechanism 
according to an embodiment of the invention, the CPU 
401 applies magnetizing current to the intake-side elec- 
tromagnetic driving mechanism 30 and to the exhaust- 
side electromagnetic driving mechanism 31 from the in- ss 
take-side driving circuit 30a and the exhaust-side driving 
circuit 31a, respectively. The CPU 401 then performs 
magnetizing current amount correction control so as to 



correct the amount of magnetizing current based on a 
temperature of the lubricating oil. 
[0109] In performing magnetizing current amount cor- 
rection control, the CPU 401 performs the magnetizing 
current amount correction control routine as shown in 
Fig. 5. This magnetizing current amount correction con- 
trol routine is stored in advance in the ROM 402 of the 
ECU 20. The magnetizing current amount correction 
control routine Is repeatedly carried out by the CPU 401 
at Intervals of a predetermined period (e.g., every time 
the crank position sensor 51 outputs a pulse signal). 
[0110] In the magnetizing current amount correction 
control routine, the CPU 401 reads out from the RAM 
403, first in S501 , an amount of magnetizing current that 
has been separately determined by the magnetizing 
current amount control routine. It Is to be noted herein 
that the amount of magnetizing current is determined 
based on the intake-side magnetizing current amount 
control map and the exhaust-side magnetizing current 
amount control map or by feed-back control based on 
an output signal from the valve lift sensor 317. 
[01 1 1] Hereinafter, the amount of magnetizing current 
that has been determined based on the intake-side 
magnetizing current amount control map and the ex- 
haust-side magnetizing current amount control map and 
the amount of magnetizing current that has been deter- 
mined by feed-back control based on an output signal 
from the valve lift sensor 31 7 will be referred to as ref- 
erence magnetizing current amounts. 
[01 12] In S502, the CPU 401 detects or estimates (I. 
e., determines) a temperature of lubricating oil in the in- 
take-side electromagnetic driving mechanism 30 and in 
the exhaust-side electromagnetic driving mechanism 
31. 

[0113] The following methods are examples of meth- 
ods of detecting a temperature of lubricating oil in the 
intake-side electromagnetic driving mechanism 30 and 
In the exhaust-side electromagnetic driving mechanism 
31 . An oil temperature sensor for detecting a tempera- 
ture of lubricating oil flowing through the upper-side oil 
passage 401 or the lower-side oil passage 402 of at 
least one of the intake-side electromagnetic driving 
mechanism 30 and the exhaust-side electromagnetic 
driving mechanism 31 can be fitted to at least one of the 
intake-side electromagnetic driving mechanism 30 and 
the exhaust-sJde electromagnetic driving mechanism 
31 . In the case where the above-described lubricating 
oil is also used as lubricating oil for the internal combus- 
tion engine 1, an output signal from an oil temperature 
sensor (not shown) fitted to the internal combustion en- 
gine 1 can be utilized. 

[0114] On the other hand, as a method of estimating 
a temperature of lubricating oil in the intake-side elec- 
tromagnetic driving mechanism 30 and in the exhaust- 
side electromagnetic driving mechanism 31, a method 
of estimation using a temperature of coolant in the in- 
ternal combustion engine 1 (an output signal value of 
the coolant temperature sensor 52) as a parameter can 
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be used, for example. 

[0115] )n S503, the CPU 401 calculates a correction 
amount for the reference magnetizing current amount 
using as a parameter the temperature of lubricating oil 
that has been detected or estimated in S502. The CPU s 
401 then calculates a correction amount for the refer- 
ence magnetizing current amount such that the amount 
of magnetizing current used In the intake-side electro- 
magnetic driving mechanism 30 and in the exhaust-side 
electromagnetic driving mechanism 31 increases In pro- 10 
portion to a fall in temperature of the lubricating oil, and 
decreases in proportion to a rise in temperature of the 
lubricating oil. It is possible to preliminarily obtain a re- 
lation between temperature of the lubricating oil and cor- 
rection amount through experiments, express the rela- 
tion in the form of a map, and store It Into the ROM 402. 
When lubricating oil is at a temperature that Is higher 
than a predetermined temperature, the amount of mag- 
netizing cu rrent can be made smaller than the reference 
magnetizing current amount. 20 
[0116] Moreover, when lubricant is at a temperature 
that is lower than a predetermined temperature, the 
amount of magnetizing current can be made greater 
than the reference magnetizing current amount. The 
predetermined temperature for making the amount of 25 
magnetizing current smaller than the reference magnet- 
izing current amount and the predetermined tempera- 
ture for making the amount of magnetizing current great- 
er than the reference magnetizing current amount may 
be equal to each other or different from each other 30 
[0117] in S504, the CPU 401 adds the correction 
amount that has been calculated in S503 to the refer- 
ence magnetizing current amount that has been read 
out in S501 , and calculates an amount of magnetizing 
current to be actually applied to the intake-side electro- 35 
magnetic driving mechanism 30 and to the exhaust-side 
electromagnetic driving mechanism 31 . 
[0118] In S505, the CPU 401 controls the Intake-side 
driving circuit 30a and the exhaust-side driving circuit 3 
1a such that the amount of magnetizing current calcu- *o 
lated in S504 is applied to the intake-side electromag- 
netic driving mechanism 30 and to the exhaust-side 
electromagnetic driving mechanism 31 respectively. 
[01 19] In this case, the amount of applied magnetizing 
current corresponds to a temperature of the lubricating *s 
oil. For example, the amount of magnetizing current ap- 
plied to the intake-side electromagnetic driving mecha- 
nism 30 and to the exhaust-side electromagnetic driving 
mechanism 31 increases in proportion to a fall in tem- 
perature of lubricating oil. On the other hand, the amount so 
of magnetizing current applied to the Intake-side elec- 
tromagnetic driving mechanism 30 and to the exhaust- 
side electromagnetic driving mechanism 31 decreases 
in proportion to a rise in temperature of lubricating oil. 
[0120] That is, according to the above-Kiescribed ss 
magnetizing current amount correction control, the 
amount of magnetizing current applied to the intake-side 
electromagnetic driving mechanism 30 and to the ex- 



haust-side electromagnetic driving mechanism 31 In- 
creases In proportion to a rise In viscosity of the lubri- 
cating oil. On the other hand, the amount of magnetizing 
current applied to the intake-side electromagnetic driv- 
ing mechanism 30 and to the exhaust-side electromag- 
netic driving mechanism 31 decreases in proportion to 
a fall in viscosity of the lubricating oil. 
[0121] As a result, In the intake-side electromagnetic 
driving mechanism 30 and In the exhaust-side electro- 
magnetic driving mechanism 31, when the lubricating 
oil has a high viscosity, the armature 31 1 and the arma- 
ture shaft 310 are driven by a relatively great electro- 
magnetic force. On the other hand, when the lubricating 
oil has a low viscosity, the armature 311 and the arma- 
ture shaft 310 are driven by a relatively small electro- 
magnetic force. 

[01 22] Thus, according to the internal combustion en- 
gine having the electromagnetic valve driving mecha- 
nism of the invention, when the lubricating oil in the in- 
take-side electromagnetic driving mechanism 30 and in 
the exhaust-side electromagnetic driving mechanism 31 
has a high viscosity, the armature 311 and the armature 
shaft 310 can be displaced smoothly against the viscos- 
ity of the lubricating oil. When the lubricating oil has a 
low viscosity, displacement speeds of the armature 311 
and of the armature shaft 31 0 do not rise excessively. 
Therefore, changes in opening-and-closing operation 
speeds of the intake and exhaust valves 28, 29 resulting 
from a temperature or viscosity of the lubricating oil can 
be reduced. 

[01 23] This embodiment demonstrated an example in 
which only the amount of magnetizing current to be ap- 
plied to the intake-side electromagnetic driving mecha- 
nism 30 and to the exhaust-side electromagnetic driving 
mechanism 31 is corrected in accordance with a tem- 
perature of the lubricating oil. However, the amount of 
magnetizing current and the timing for application of 
magnetizing current may be corrected in accordance 
with a temperature of the lubricating oil. 
[0124] For instance, as shown in Fig. 6 ( second em- 
bodiment in the invention ), when the lubricating oil is at 
a low temperature, the amount of magnetizing current 
to be applied to the intake-side electromagnetic driving 
mechanism 30 and to the exhaust-side electromagnetic 
driving mechanism 31 is increased, and the timing for 
application of magnetizing current is advanced. On the 
other hand, when the lubricating oil is at a high temper- 
ature, the amount of magnetizing current to be applied 
to the intake-side electromagnetic driving mechanism 
30 and to the exhaust-side electromagnetic driving 
mechanism 31 is reduced, and at the same time, the 
timing for application of magnetizing current may be re- 
tarded. 

[0125] In the above-described internal combustion 
engine having the electromagnetic valve driving mech- 
anism according to an embodiment of the invention, the 
amount of magnetizing current applied to the electro- 
magnetic valve driving mechanism Is adjusted in ac- 
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cordance with a temperature of the lubricant. Therefore, 
the amount of magnetizing current to be applied to the 
electromagnetic valve driving mechanism can be In- 
creased when the lubricant is at a low temperature (with 
a high viscosity), whereas the amount of magnetizing s 
current to be applied to the electromagnetic valve driv- 
ing mechanism can be reduced when the lubricant is at 
a high temperature (with a low viscosity). 
[0126] As a result, the electromagnetic valve driving 
mechanism can drive the intake and exhaust valves with 10 
a relatively great electromagnetic force when the lubri- 
cant has a high viscosity, and can drive the intake and 
exhaust valves with a relatively small electromagnetic 
force when the lubricant has a low viscosity. 
[01 27J The intake-side electromagnetic driving mech- '5 
an Ism 30 and the exhaust-side electromagnetic driving 
mechanism 31 of the above-described embodiment cor- 
respond to the electromagnetic valve driving mecha- 
nism of the invention. The ECU 20 In the above-de- 
scribed embodiment corresponds to a controller and a 20 
current amount adjusting means of the invention. 
[0128] In the above-described embodiments, the 
amount of magnetizing current applied to the electro- 
magnetic valve driving mechanism is adjusted in ac- 
cordance with a temperature of the lubricant (in the 25 
above-described embodiment, lubricating oil is one ex- 
ample of lubricant). However, as a matter of course, the 
amount of magnetizing current applied to the electro- 
magnetic valve driving mechanism may be adjusted in 
accordance with a viscosity of the lubricant. 30 
[01 29] Thus, according to the Internal combustion en- 
gine having the electromagnetic valve driving mecha- 
nism of the Invention, the intake and exhaust valves can 
be driven with an electromagnetic force corresponding 
to a viscosity of the lubricant, and changes in opening- 35 
and-closlng operation speeds of the intake and exhaust 
valves resulting from a temperature or viscosity of the 
lubricant can be reduced. 

[01 30] In the illustrated embodiment, the apparatus is 
controlled by the controller (e.g., the ECU 20), which is 40 
implemented as a programmed general purpose com- 
puter. It will be appreciated by those skilled in the art 
that the controller can be implemented using a single 
special purpose Integrated circuit (e.g., ASIC) having a 
main or central processor section for overall, system- 45 
level control, and separate sections dedicated to per- 
forming various different specific computations, func- 
tions and other processes under control of the central 
processor section. The controller can be a plurality of 
separate dedicated or programmable integrated or oth- 50 
er electronic circuits or devices (e.g., hardwired elec- 
tronic or logic circuits such as discrete element circuits, 
or programmable logic devices such as PLDs, PLAs, 
PALs or the like). The controller can be implemented us- 
ing a suitably programmed general purpose computer, 55 
e.g., a microprocessor, microcontroller or other proces- 
sor device (CPU or MPU), either alone or in conjunction 
with one ormore peripheral (e.g., integrated circuit) data 



and signal processing devices. In general, any device 
or assembly of devices on which a finite state machine 
capable of Implementing the procedures described 
herein can be used as the controller. A distributed 
processing architecture can be used for maximum data/ 
signal processing capability and speed. 
[0131] While the invention has been described with 
reference to preferred embodiments thereof, It Is to be 
understood that the invention is not limited to the pre- 
ferred embodiments or constructions. To the contrary, 
the invention is intended to cover various modifications 
and equivalent arrangements. In addition, while the var- 
ious elements of the preferred embodiments are shown 
in various combinations and configurations, which are 
exemplary, other combinations and configurations, In- 
cluding more, less or only a single element, are also 
within the spirit and scope of the Invention. 
[01 32] An internal combustion engine having an elec- 
tromagnetic valve driving mechanism adjusts an 
amount of the magnetizing current to be applied to the 
electromagnetic valve driving mechanism (30, 31 ) in ac- 
cordance with a temperature of lubricant in the electro- 
magnetic valve driving mechanism (30, 31). According- 
ly, intake and exhaust valves (28, 29) can be driven with 
an electromagnetic force corresponding to a viscosity of 
lubricant. Therefore, changes in openlng-and-closing 
operation speeds of the intake and exhaust valves (28, 
29) resulting from a temperature or viscosity of lubricant 
that Is supplied to a sliding portion of the electromagnet- 
ic valve driving mechanism (30, 31) can be reduced. 



Claims 

1. An internal combustion engine having an electro- 
magnetic valve driving mechanism (30, 31) that 
drives at least one of an intake vaive (28) and an 
exhaust valve (29) of the internal combustion en- 
gine in opening and closing directions by an elec- 
tromagnetic force that is generated upon applica- 
tion of a magnetizing current, characterized by 
comprising: 

lubricant temperature determining means (52) 
that determines a temperature of lubricant that 
is supplied to at least one of a sliding portion of 
the electromagnetic valve driving mechanism 
(30, 31), a sliding portion of the intake vaive 
(28) driven by the electromagnetic valve driving 
mechanism (30, 31 ), and a sliding portion of the 
exhaust valve (29) driven by the electromag- 
netic valve driving mechanism (30, 31); and 
current amount adjusting means for adjusting 
an amount of the magnetizing current to be sup- 
plied to the electromagnetic vaive driving 
mechanism (30, 31 ) in accordance with the de- 
termined temperature of the lubricant that has 
been determined by the lubricant temperature 
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determining means (52). 

2. The Internal combustion engine according to claim 
1 ( characterized In: 

that the current amount adjusting means (20) 
increases an amount of the magnetizing current in 
proportion to a decrease In the determined temper- 
ature of the lubricant and reduces an amount of the 
magnetizing current in proportion to an increase In 
the determined temperature of the lubricant. 

3. The internal combustion engine according to claim 
1, characterized In: 

that the current amount adjusting means (20) 
reduces an amount of the magnetizing current to an 
amount smaller than a reference magnetizing cur- 
rent amount when the lubricant is determined to be 
at a temperature higher than a predetermined tem- 
perature. 

4. The internal combustion engine according to any 
one of claim 1 and claim 3, characterized In: 

that the current amount adjusting means (20) 
Increases an amount of the magnetizing current to 
an amount greater than a reference magnetizing 
current amount when the lubricant is determined to 
be at a temperature lower than a predetermined 
temperature. 

5. The internal combustion engine according to claim 
1 , characterized In: 

that the current amount adjusting means (20) 
increases an amount of the magnetizing cur- 
rent and advances a timing for application of 
the magnetizing current supplied to the electro- 
magnetic valve driving mechanism (30, 31 ) in 
proportion to a decrease In the determined tem- 
perature of the lubricant; and 
that the current amount adjusting means (20) 
reduces an amount of the magnetizing current 
and retards a timing for application of the mag- 
netizing current supplied to the electromagnetic 
valve driving mechanism (30, 31) In proportion 
to an Increase in the determined temperature 
of the lubricant. 

6. An internal combustion engine having an electro- 
magnetic valve driving mechanism (30, 31) that 
drives at least one of an intake valve (28) and an 
exhaust valve (29) of the internal combustion en- 
gine in opening and closing directions by an elec- 
tromagnetic force that is generated upon applica- 
tion of a magnetizing current, characterized by 
comprising: 

lubricant viscosity determining means (52) that 
determines of a viscosity of the lubricant that is 



supplied to at least one of a sliding portion of 
the electromagnetic valve driving mechanism 
(30, 31), a sliding portion of the Intake valve 
(28) driven by the electromagnetic valve driving 

5 mechanism (30, 31 ), and a sliding portion of the 

exhaust valve (29) driven by the electromag- 
netic valve driving mechanism (30, 31 ); and 
current amount adjusting means (20) for adjust- 
ing an amount of the magnetizing current sup- 

10 plied to be supplied to the electromagnetic 

valve driving mechanism (30, 31) in accord- 
ance with the determined viscosity of the lubri- 
cant that has been determined by the lubricant 
viscosity determining means (52). 

15 

7. The Internal combustion engine according to claim 
6, characterized In: 

that the current amount adjusting means (20) 
increases an amount of the magnetizing current In 
20 proportion to an increase in the determined viscos- 
ity of the lubricant and reduces an amount of the 
magnetizing current in proportion to a decrease In 
the determined viscosity of the lubricant. 

25 8. The internal combustion engine according to claim 
6, characterized In: 

that the current amount adjusting means (20) 
reduces an amount of the magnetizing current to an 
amount smaller than a reference magnetizing cur- 

30 rent amount when the lubricant is determined to 
have a viscosity lower than a predetermined viscos- 
ity. 

9. The internal combustion engine according to any 
35 one of claim 6 and claim 8, characterized In: 

that the current amount adjusting means (20) 
increases an amount of the magnetizing current to 
an amount greater than a reference magnetizing 
current amount when the lubricant is determined to 
to have a viscosity higher than a predetermined vis- 
cosity. 

10. The internal combustion engine according to claim 
6, characterized in: 

45 

that the current amount adjusting means (20) 
increases an amount of the magnetizing cur- 
rent and advances a timing for application of 
the magnetizing current supplied to the electro- 

so magnetic valve driving mechanism (30, 31) in 

proportion to an increase in the determined vis- 
cosity of the lubricant; and 
that the current amount adjusting means (20) 
reduces an amount of the magnetizing current 

55 and retards a timing for application of a mag- 

netizing current supplied to the electromagnetic 
valve driving mechanism (30, 31) in proportion 
to a decrease In the determined viscosity of the 
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lubricant. 

11. The internal combustion engine according to any 
one of claims 1 to 10, characterized by further 
comprising: s 

a lubricant supplying mechanism that sup- 
plies the lubricant to the sliding portion of the elec- 
tromagnetic valve driving mechanism (30, 31). 

12. A method of controlling an electromagnetic valve 10 
driving mechanism of an internal combustion en- 
gine, characterized by comprising the steps of: 

obtaining a reference amount of the magnetiz- 
ing current to be supplied to the electromagnet- 
ic valve driving mechanism (30, 31 ); 
determining a temperature of lubricant; 
calculating a correction amount for an amount 
of the magnetizing current based upon the de- 
termined temperature of the lubricant that has 20 
been determined; and 

supplying the electromagnetic valve driving 
mechanism (30, 31) with an amount of current 
obtained by adding the correction amount to the 
reference magnetizing current amount. 25 

13. An internal combustion engine having an electro- 
magnetic valve driving mechanism (30, 31) that 
drives at least one of an intake valve (28) and an 
exhaust valve (29) of the Internal combustion en- 30 
gine in opening and closing directions by an elec- 
tromagnetic force that is generated upon applica- 
tion of a magnetizing current, characterized by 
comprising: 

35 

sliding resistance estimating means for esti- 
mating a sliding resistance in at least one of a 
sliding portion of the electromagnetic valve 
driving mechanism (30, 31), a sliding portion of 
the intake valve (28) driven by the electromag- 40 
netic valve driving mechanism (30, 31), and a 
sliding portion of the exhaust valve (29) driven 
by the electromagnetic valve driving mecha- 
nism (30, 31); and 

current amount adjusting means (20) for adjust- 
ing an amount of the magnetizing current sup- 
plied the electromagnetic valve driving mecha- 
nism (30, 31) in accordance with the estimated 
sliding resistance. 

50 

14. The internal combustion engine according to claim 
13, characterized In: 

that the current amount adjusting means (20) 
adjusts an amount of the magnetizing current sup- 
plied the electromagnetic valve driving mechanism 55 
(30, 31 ) in accordance with the estimated sliding re- 
sistance during operation of the internal combustion 
engine. 
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